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(54) INTERNODE SYNCHRONIZING DEVICE, AND INTERNODE SYNCHRONIZING METHOD 



(57) Node synchronization slave apparatus 1 31 de- 
tects a timewise variation in the time of arrival of a data 
frame transmitted from node synchronization master 
apparatus 111 via cable transmission path 152. and 
based on the variation in the time of arrival, calculates 
a predicted value of the time of anival of a data frame 
to be received next and thereafter When the predicted 
value of the time of arrival indicates late arrival of a data 
frame and the arrival of the data frame is out of a recep- 



tion window, the apparatus 131 notifies node synchro- 
nization master apparatus 111 of the predicted value of 
the time of arrival. According to the notification, node 
synchronization master apparatus 111 advances a 
transmission timing of a data frame than a reference val- 
ue In order for the data frame to be received within the 
reception window. It is thereby possible to decease the 
frequency with which data is lost due to late an-ival of 
the data even when transmission delay varies on a cable 
transnriission path connecting the nodes. 
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Description 

Technical Field 

[0001] The present Invention relates to a node syn- 
chronization apparatus and node synchronization meth- 
od that perform communications while maintaining syn- 
chronization associated with data transmission timing 
between a base station apparatus and base-station con- 
trol apparatus In a mobile communication system com- 
prised of the base station and the base-station control 
apparatus. 

Background Art 

[0002] In a mobile communication system such as 
IMT-2000, when a base station apparatus, base-station 
control apparatus and mobile station apparatus com- 
posing the mobile communication system communicate 
speeches and packets therebetween, each apparatus 
achieves communications while synchronizing a trans- 
mission timing of data with respect to one another. The 
synchronization method is described specifically, for ex- 
ample, In 3GPP TS25.402 Synchronization in UTRAN 
Stage 2. 

[0003] FIG.1 is a block diagram illustrating a configu- 
ration of a mobile communication system using a con- 
ventional node synchronization apparatus. 
[0004] The mobile communication system illustrated 
in FIG.1 is comprised of mobile station apparatus 11 
such as a cellular telephone, base station apparatus 13 
that communicates with mobile station apparatus 11 via 
wireless transmission path 12, base-station control ap- 
paratus 15 connected with base station apparatus 13 
via cable transmission path 14, and core network 17 
connected with base-station control apparatus 1 5 via 
cable transmission path 16. Base-station control appa- 
ratus 15 is provided with node synchronization master 
apparatus 1 8, and base station apparatus 1 3 is provided 
with node synchronization slave apparatus 1 9. 
[0005] A case will be described below that in the 
above configuration, data is transmitted from core net- 
work 1 7 to mobile station apparatus 1 1 . 
[0006] Data frame 20 is transmitted from core network 
1 7 to base-station control apparatus 1 5 via cable trans- 
mission path 16. 

[0007] Then, base-station control apparatus 15 adds 
timing information detennined in node synchronization 
master apparatus 18 to data frame 20 received from 
core network 17, and transmits data frame 21 with the 
infonnation added thereto to base station apparatus 13 
via cable transmission path 1 4 according to a timing de- 
termined in node synchronization master apparatus 1 8. 
[0008] Base station apparatus 1 3 extracts the timing 
information from data frame 21 received from base-sta- 
tion control apparatus 1 5, and when the timing Indicated 
by the information is coincident with a timing designated 
by node synchronization slave apparatus 19, transmits 



data frame 21 to mobile station apparatus 11 via wire- 
less transmission path 12. 

[0009] Mobile station apparatus 11 receives data 
frame 21 from base station apparatus 13. According to 

5 the above-mentioned operation, data Is transmitted 
from core network 17 to mobile station apparatus 11 . 
[0010] FIG.2 is a timing diagram to explain the oper- 
ation of the node synchronization apparatus comprised 
of node synchronization master apparatus 18 of base- 

10 station control apparatus 15 and node synchronization 
slave apparatus 19 of base station apparatus 13. 
[0011] In FIG.2, (a) indicates counts counted in node 
synchronization master apparatus 18, and in this con- 
ventional example, the value Is Increased by 1 every 1 0 

15 ms in the range of 0 to 255. (b) indicates transmission 
a timing of data in base-station control apparatus 15, 
and FIG.2 shows data frame 21 Is transmitted at the In- 
stance when the count becomes 4. 
[0012] (c) indicates counts counted in node synchro- 
20 nizatlon slave apparatus 1 9, and in this conventional ex- 
ample, the value is increased by 1 every 10 ms in the 
range of 0 to 255. 

[0013] (d) indicates the time of amval (arrival timing) 
Trcv of data frame 21 in base station apparatus 13, and 
25 FIG.2 shows three arrival patterns, i.e., case 1 , case 2 
and case 3 caused by different transmission times taken 
for the data to arrive at base station apparatus 1 3 from 
base-station control apparatus 13. 
[0014] In (d), Tproc Is a processing time taken for 
30 base station apparatus 13 to start transmitting data 
frame 21 to wireless transmission path 12. 
[0015] LTOA (Latest Time of Amval) is a timing at 
which base station apparatus 13 should start the 
processing (such as channel coding and D/A conver- 
ts sion) needed to transmit data frame 21 to mobile station 
apparatus 11 via wireless transmission path 12. 
[0016] TOAWS (Time of Arrival Window Start Point) 
is a time to detennine a start point of reception window 
31 to receive data frame 21. and TOAWE (Time of Ar- 
40 rival Window End Point) is a time to determine an end 
point of reception window 31 . 

[0017] Control frame 32 is generated in base station 
apparatus 13, and as illustrated in FIG.3, Is comprised 
of header 41 and pay load 44 with timing information 42 

45 and TOA (Time of Amval) 43 stored therein. 

[0018] The operation of the conventional node syn- 
chronization apparatus will be described below with ref- 
erence to FIG.2. Base-station control apparatus 1 5 adds 
to data frame 21 the timing infonmation indicative of a 

50 timing at which base station apparatus 1 3 transmits the 
data frame 21 to mobile station apparatus 11 via wire- 
less transmission path 12. In the case of FIG.2. the ap- 
paratus 15 transmits data frame 21 Including the timing 
infonnation of 7 to base station apparatus 1 3 at a timing 

55 at which the count becomes 4 as shown in (a). 

[001 9] When base station apparatus 1 3 receives data 
frame 21 , as shown in (d), the apparatus 13 compares 
the time of anival Trcv of data frame 21 with reception 
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window 31 , and performs the operation of one of cases 

I to 3 described below. 

[0020] Case 1 is of "Time of Arrival Trcv ^TOAWE". 
In this case, node synchronization slave apparatus 19 
detenDines the reception is nornial reception, and trans- 
mits received data frame 21 to mobile station apparatus 

II via wireless transmission path 12 from the timing at 
which the count is 7 corresponding to the designated 
timing. 

[0021] Case 2 is of •TOAWE<Time of Arrival 
Trcv^LTOA". In this case, node synchronization slave 
apparatus 19 detemnines the reception is quasi-normal 
reception, and transmits received data frame 21 to mo- 
bile station aggaratus 11 via wireless transmission path 
1 2 from the timing at which the count is 7 corresponding 
to the designated timing, while notifying that the time of 
arrival Trcv is out of reception window 31 to base-station 
control apparatus 15 using a control frame. 
[0022] In this case, In control frame 32, pay load 44 
stores the timing infonnation contained in received data 
frame 21 , while storing in TOA 43 the time of arrival Trcv 
at which the data frame 21 has arlved at base station 
apparatus 13. 

[0023] Case 3 is of "LTOA<Time of Arrival Trcv In this 
case, node synchronization slave apparatus 19 deter- 
mines the reception is abnormal reception, i.e., late ar- 
rival, and abandons received data frame 21 , while trans- 
mitting control frame 32 to base-station control appara- 
tus 15 as in case 2. 

[0024] When node synchronization master apparatus 
1 8 of base-station control apparatus 1 5 receives control 
frame 32 from node synchronization slave apparatus 1 9 
of base station apparatus 13 after transmitting data 
frame 21 , the apparatus 18 detennines that a timing is 
delayed at which the apparatus 1 5 transmits data frame 
21 , and perfomns control for advancing a transmission 
timing of data frame 21. 

[0025] As described above, conventionally, the trans- 
mission timing is advanced by a time corresponding to 
transmission delay by using the node synchronization 
apparatus, and a base station apparatus on a transmis- 
sion side thereby transmits a data frame at an optimal 
data frame transmission timing. 
[0026] However, in the conventional apparatus the 
node synchronization slave apparatus notifies the node 
synchronization master apparatus of the transmission 
delay only after the transmission delay has occun-ed, 
and there arises a case that the time of arrival of a data 
frame is beyond LTOA when transmission delay on a 
cable transmission path varies with time. In this case, 
the node synchronization slave apparatus abandons the 
data frame due to the late arrival thereof before the node 
synchronization master apparatus controls the trans- 
mission timing of the data frame, thereby resulting in a 
problem that data transmission quality deteriorates. 
[0027] Further, in communication services such as 
packet communications where re-transmission is re- 
quired to recovery data on an higher layer when data is 
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lost, when a data frame is abandoned due to its late ar- 
rival, re-transmission is required, and there occurs a 
problem that utilization efficiency of cable transmission 
path deteriorates, while the delay on the cable transmis- 
5 sion path is further increased. 

Disclosure of Invention 

[0028] It is an object of the present invention to pro- 
^0 vide a node synchronization apparatus and node syn- 
chronization method capable of decreasing the frequen- 
cy with which data is lost due to late arrival of the data 
even when the transmission delay varies on a cable 
transmission path connecting nodes. 
^5 [0029] The object is achieved by that a base station 
apparatus calculates a predicted value of time of arrival 
of a data frame, and notifies a base-station control ap- 
paratus of the predicted value when late arrival of a data 
frame is expected, and that the base-station control ap- 
20 paratus advances a timing for transmitting a data frame. 

Brief Description of Drawings 

[0030] 

FIG.1 is a block diagram illustrating a configuration 
of a mobile communication system using a conven- 
tional node synchronization apparatus; 
FIG.2 Is a timing diagram to explain the operation 
of the conventional node synchronization appara- 
tus; 

FIG.3 is a diagram illustrating a configuration of a 
control frame transmitted from a base-station con- 
trol apparatus to a base station apparatus in the mo- 
bile communication system using the conventional 
node synchronization apparatus; 
FIG.4 is a block diagram illustrating a configuration 
of a base-station control apparatus and base station 
apparatus in a mobile communication system using 
a node synchronization apparatus according to an 
embodiment of the jDresent invention; 
FIG.5 is a timing diagram to explain the operation 
of the node synchronization apparatus according to 
the embodiment of the present invention; and 
FIG. 6 is a flow diagram to explain the operation of 
a reception timing detemiining section in the node 
synchronization apparatus according the embodi- 
ment of the present invention. 

50 Best Mode for Carrying Out the Invention 

[0031] An embodiment of the present invention will be 
described below with reference to accompanying draw- 
ings. 
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(First embodiment) 

[0032] FIG.4 is a block diagram illustrating a configu- 
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ration of a base-station control apparatus and base sta- 
tion apparatus In a mobile communication system using 
a node synchronization apparatus according to one em- 
bodiment of the present invention. 
[0033] Base-station control apparatus 110 Illustrated 
In FIG.4 is provided with node synchronization master 
apparatus 111, data frame write section 112, data frame 
buffer section 113, data frame composition section 114, 
control frame analysis section 115, cable transmission 
path end section 116. Node synchronization master ap- 
paratus 1 1 1 is provided with clock section 1 21 , counter 
section 122, transmissiontiming determining section 
123, and transmission offset storage section 124. 
[0034] Base station apparatus 130 is provided with 
node synchronization slave apparatus 131, cable trans- 
mission path end section 132, data frame decomposi- 
tion section 1 33, frame storage section 1 34, radio frame 
composition section 135, control frame composition 
section 136, and wireless transmission path end section 
137. Node synchronization slave apparatus 131 is pro- 
vided with clock section 141, counter section 142, re- 
ception timing detemilning section 143, and wireless 
transmission timing detemiining section 144. 
[0035] Data frame write section 1 1 2 is connected to a 
core network not shown via cable transmission path 
151, cable transmission path end section 1 1 6 and cable 
transmission path end section 1 32 are connected via ca- 
ble transmission path 152, and wireless transmission 
path end section 137 is connected to a mobile station 
apparatus such as a cellular telephone not shown via 
wireless transmission path 153. 

[0036] The operation in each section In base-station 
control apparatus 110 will be described below. 
[0037] In node synchronization master apparatus 111, 
clock section 121 outputs a clock signal at predeter- 
mined intervals to counter section 122 and transmission 
timing determining section 123. 
[0038] Counter section 122 Is an up-counter, per- 
forms cyclical count In the range of 0 to 2559 while in- 
creasing the count by 1 every time the clock signal is 
input from clock section 121, and outputs the count to 
transmission timing detemnining section 123 and data 
frame composition section 114. 

[0039] Transmission timing determining section 123 
reads the count of counter section 122 every time the 
clock signal is input from clock section 121, and every 
time the count is a multiple of a predetermined period T 
(T Is an arbitrary positive number), outputs a transmis- 
sion permit signal for pennitting data frame composition 
section 114 to transmit data to data frame composition 
section 114. It is assumed in this case that a remainder 
obtained by dividing the count by the period T is com- 
pared with a transmission offset value a (a is a positive 
number meeting a<T) stored in transmission offset stor- 
age section 124, and that when the remainder is equal 
to the transmlssionoffset value, the transmission permit 
signal Is output to data frame composition section 114. 
It Is thereby possible to output the transmission permit 
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signal at timings of aT + a(a is a positive number meet- 
ing aT<2559-a). 

[0040] For example, when the frequency of the clock 
signal is 1 kHz, T is 10 (T=10) and transmission offset 

5 value is 0, counter section 122 counts every 1 ms be- 
cause the frequency of the clock signal is 1 kHz , and the 
transmission pennit signal is transmitted at the time the 
count is a multiple of 1 0, i.e., every 1 0 ms because T=1 0 
and the transmission offset value Is 0. When the trans- 

10 mission offset value is 7 under the above condition, the 
transmission pemnit signal is output at the time the count 
is a sum of a multiple of 10 and 7 (17, 27, 37,...), i.e., 
every 10 ms starting from the count of 17. It is thereby 
possible to output in advance the transmission permit 

15 signal at the count of 17, Instead of outputting at the 
count of 20. 

[0041] Transmission offset storage section 124stores 
an initial value of the transmission offset (that is as- 
sumed to be 0 in this embodiment) predetennined be- 

20 fore the communication is started. Then, control frame 
analysis section 115 updates the stored transmission 
offset value during the communications. 
[0042] Data frame write section 1 1 2 controls the write 
of data frame 161 received via cable transmission path 

25 151 in data frame buffer section 113. 

[0043] Data frame buffer section 1 1 3 is a FIFO (First 
In First Out) type buffer, and stores data frames 161 in 
the order In which the data frames are written under the 
control of data frame write section 1 1 2, so that the data 

30 frames are read by data frame composition section 114 
in the order in which the data frames are written. 
[0044] When the transmission pemnit signal is input to 
data frame composition section 114 from transmission 
timing determining section 123, the section 114 reads 

35 one or more data frames from data frame buffer section 
113, and generates data frame 1 62 to be transmitted to 
base station apparatus 130, while stores in data frame 
1 62 a value obtained by adding the predetennined offset 
value to the count of counter section 122 as the timing 

40 information. Then, the section 114 outputs this data 
frame 162 to cable transmission path end section 116. 
[0045] Control frame analysis section 115 divides a 
control frame which is generated In frame composition 
section 1 36 and Input to the section 1 1 5 via cable trans- 

45 mission path 152 or the like, and extracts a predicted 
value of the time of a nival of next data frame 1 62 stored 
in the control frame, while outputting a sum of the pre- 
dicted value and T to transmission offset storage section 
124. 

50 [0046] Cable transmission path end section 116 
transmits data frame 162 output from data frame com- 
position section 114 to base station apparatus 130 via 
cable transmission path 152. 

[0047] The operation in each section in base station 
55 apparatus 130 will be described below. 

[0048] In node synchronization slave apparatus 1 31 , 
clock section 141 outputs a clock signal at predeter- 
mined intervals to counter section 142 and wireless 
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transmission timing determining section 144. 
[0049] Counter section 142 is an up-counter, per- 
forms cyclical count in the range of 0 to 2559 while in- 
creasing the count by 1 every time the clock signal is 
input from clock section 141 , and outputs the count to 
reception timing determining section 143 and wireless 
transmission timing detennining section 144. 
[0050] It is assumed that this count is coincident with 
the count of counter section 122 In node synchronization 
master apparatus 111 or a difference between the 
counts is known in advance, and that this clock signal 
has the same frequency of the clock signal generated 
in clock section 121 in the master apparatus 111 . 
[0051] Reception timing detennining section 143 gen- 
erates a write permit signal for permitting data frame de- 
composition section 133 to write, control frame trans- 
mission request signal and predicted value of the time 
of an-lval, based on the time of. arrival and the timing 
infomiation, extracted from received data frame 162, 
notified from data frame decomposition section 133 , ac- 
cording to the operation described later. The section 1 43 
outputs the write permit signal to data frame decompo- 
sition section 133, and further outputs the control frame 
transmission request signal and predicted value of the 
time of arrival to control frame composition section 136. 
[0052] Wireless transmission timing detennining sec- 
tion 144 reads the count of counter section 142 every 
time the clock signal is input from clock section 141 , gen- 
erates a wireless transmission instruction signal every 
time the count becomes a multiple of the predetermined 
period T (T is an arbitrary positive number) to output to 
radio frame composition section 135. When the count is 
not coincident with such a multiple, the section 1 44 does 
not generate the wireless transmission instruction sig- 
nal. 

[0053] For example, when the frequency in clock sec- 
tion 141 is 1 kHz and T is 10 (T=10), counter section 
142 counts every 1 ms because the frequency in clock 
section 141 Is 1 kHz, and outputs the wireless transmis- 
sion Instruction signal at the time the count is a multiple 
of 1 0, i.e., every 1 0 ms because T is 1 0 (T=1 0). 
[0054] Cable transmission path end section 132 re- 
ceives data frame 162 from base-station control appa- 
ratus 1 1 0 via cable transmission path 1 52 to output to 
data frame decomposition section 1 33. Further, the sec- 
tion 132 receives the control frame input from control 
frame composition section 1 36 to output to base-station 
control apparatus 110 via cable transmission path 152. 
[0055] Data frame decomposition section 1 33 divides 
received data frame 162 Input from cable transmission 
path end section 132 to extract the timing infonnation, 
notifies this infonnationto receptlontlming determining 
section 143, and when receiving the write penmit signal 
Indicative of enabling the write (hereinafter referred to 
as "enable" ) from reception timing determining section 
1 43, stores data frame 1 62 in frame storage section 1 34, 
while when receiving the write permit signal indicative 
of disabling the write (hereinafter referred to as "dlsa- 



8 

ble"), abandoning data frame 162. 
[0056] Data frame storage section 134 stores re- 
ceived data frame 162 and the timing Information con- 
tained In the data frame 1 62, each Input from data frame 

5 decomposition section 133. 

[0057] When the wireless transmission Instruction 
signal is Input to radio frame composition section 135 
from wireless transmission timing determining section 
144, the section 135 reads from frame storage section 

10 1 34 a data frame having the timing information with the 
count of counter section 142 coincident with a multiple 
of T to generate a radio frame. 

[0058] When a control frame transmission request 
signal is Input to control frame composition section 136 

15 from reception timing determining section 143, the sec- 
tion 136 stores a predicted value of the time of amval 
provided at this point in the control frame, and transmits 
the control frame with the predicted value of the time of 
arrival stored therein to base-station control apparatus 

20 110 via cable transmission end section 1 32. 

[0059] Wireless transmission path end section 137 
transmits the radio frame input from radio frame com- 
position section 135 to a mobile station apparatus not 
shown via wireless transmission path 153. 

25 [0060] The operation of the node synchronization ap- 
paratus will be described with reference to a timing dia- 
gram illustrated in FIG. 5. 

[0061] In addition, In FIG. 5, (a) indicates counts of 
counter section 122 in node synchronization master ap- 

30 paratus 111, (b) Indicates transmission timings of data 
In base-station control apparatus 110, (c) Indicates 
counts of counter sections 142 in node synchronization 
slave apparatus 131, and (d) indicates the time of amval 
(an-ival timing) Trcv of data frame 162 In base station 

35 apparatus 130. 

[0062] Base-station control apparatus 1 1 0 adds to da- 
ta frame 162 the timing infomiation (timing informa- 
tion=5 in FIG. 5) indicative of a timing at which base sta- 
tion apparatus 130 transmits the data frame 162 to a 

40 mobile station apparatus, and transmits the data frame 
162 to base station apparatus 130 at a timing at which 
the count Is 4T as shown by (a). 
[0063] Transmission timing 201 is a timing at which 
base station apparatus 1 30 transmits data frame 1 62 to 

4^ the mobile station apparatus based on the timing infor- 
mation contained In the data frame 1 62 transmitted from 
the base-station control apparatus, and Is obtained by 
multiplying the timing information by T. 
[0064] LTOA (Latest Time Of Arrival) 202 is a timing 

50 at which the processing (such as channel coding and D/ 
A conversion) needed to transmit data frame 1 62 to the 
mobile station apparatus should be started, and is ob- 
tained by subtracting Tproc from the transmission tim- 
ing. 

55 [0065] When base station apparatus 1 30 receives da- 
ta frame 162, the apparatus has set reception window 
203 as a predetermined time range to detenmine nonmal 
reception. 
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[0066] TE204 is a parameter related to predetermined 
reception window 203 and is indicative of a negative val- 
ue. TOAWE (Time Of Amval Window End Point) 205 is 
an end time of reception window 203 to receive data 
frame 162, and Is obtained by adding TE 204 to LTOA 
202. 

[0067] Trcv 206 is a time at which data frame 1 62 ar- 
rives at base station apparatus 130. 
[0068] TOA 207 is a determination parameter of the 
time of arrival of data frame 1 62 with respect to reception 
window 203, Is obtained by subtracting TOAWE 205 
from Trcv 206, and Is a negative value in the case of 
FIG. 5. TOA 208 Is a determination parameter of the time 
of an^ival of next received data frame (expressed with 
1 62+1 ) with respect to reception window 203, and Is ob- 
tained in the same way as TOA 207. 
[0069] Td 209 is a variation amount in the time of ar- 
rival with respect to reception window 203, and is ob- 
tained by subtracting TOA 208 from TOA 207. 
[0070] TOA'210 is a predicted value of a determina- 
tion parameter of the time of arrival of data frame 1 62+2 
to be received after the next data frame 1 62+1 to be 
received, and is obtained by subtracting Td 209 from 
TOA 208. 

[0071] TOAWE 211 is an end time of reception win- 
dow 203 to receive data frame 1 62+2. 
[0072] LTOA 212 Is a timing at which the processing 
(such as channel coding and D/A conversion) needed 
to transmit data frame 162+1 to the mobile station ap- 
paratus should be started. 

[0073] Trcv 21 3 is a time at which data frame 1 62+1 
arrives at base station apparatus 1 30, and control frame 
220 stores a predicted value TOA'21 0 of the time of ar- 
rival of data frame 1 62+2. 

[0074] As case 1 , a case will be described of Trcv 
213-LTOA 212^0, i.e., where data frame 162+1 Is re- 
ceived before LTOA 212. In this case, reception timing 
detennining section 1 43 determines that the data frame 
162+1 is data enabling the processing, and generates 
"enable". Data frame decomposition section 133 stores 
the data frame 162+1 in frame storage section 134. 
[0075] As case 2, a case will be described of Trcv 
213-LTOA 212>0, i.e., where data frame 162+1 arrives 
later than LTOA 212. In this case, reception timing de- 
tennining section 143 determines that the data frame 
1 62+1 is of late arrival with respect to the timing enabling 
the processing, and generates "disable". Data frame de- 
composition section 133 abandons the data frame 
162+1. 

[0076] The operation of reception timing determining 
section 143 will be described below with reference to a 
flow diagram illustrated in F1G.6. 
[0077] First, in step (hereinafter referred to as "ST") 
301 , it is detemnined whether or not received data frame 
162 exists. When data frame 1 62 does not exist, the de- 
termination processing of ST301 is continued. 
[0078] When data frame 1 62 exists, in ST302, after 
receiving the timing infomnation extracted in data frame 
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decomposition section 133, the section 143 obtains a 
calculation result of the multiplication of the timing infor- 
mation by T, and thereby calculates transmission timing 
201 of the data frame to a mobile station apparatus . 
5 [0079] In ST303, by subtracting predetermined 
processing delay time Tproc from transmission timing 
20 1 , the section 1 43 calculates LTOA 202 that is a tim ing 
at which the processing (such as channel coding and D/ 
A conversion) needed to transmit the data frame 1 62 to 
the mobile station apparatus should be started. 
[0080] In ST304, by adding TE 204 that Is the param- 
eter related to predetenmined reception window 203 to 
LTOA 202, the section 143 calculates TOAWE 205 that 
Is the end time of reception window 203. 
[0081] In ST305, by subtracting Trcv 206 that is the 
time of arrival of data frame 1 62 from TOAWE 205, the 
section 143 calculates TOA 207 that Is the determina- 
tion parameter of the time of anival with respect to re- 
ception window 203. 

[0082] In ST306, it is determined whether or not data 
frame (expressed with 1 62-1 ) not shown is received be- 
fore data frame 162 Is received after the communication 
Is started. Reception timing determining section 143 that 
stores a reception history detects the data to perform 
the detennl nation. 

[0083] When previous received data frame 162-1 
does not exist, In ST314, TOA 207 that is the determi- 
nation parameter of the received data frame 1 62 is tem- 
porarily stored in variable tmp, and the processing flow 
returns to ST301. 

[0084] Thereafter, the section 143 executes the 
processing of ST301 to ST306 simllariy on next received 
data frame 1 62+1 , and thereby calculates TOA 208 that 
is the detemiinatlon parameter of the time of arrival with 
respect to reception window 203. 
[0085] As a result of the detemnination in ST306, 
when previous received data 162 exists, in ST307, the 
section 143 calculates a difference between TOA 207 
that is the detennination parameter related to previous 
received data frame 1 62 stored In variable tmp and TOA 
208 that is the detenmination parameter of the data 
frame 162. In other words, the section 143 calculates 
Td 209 that is the variation amount in the time of arrival 
with respect to reception window 203, by subtracting 
TOA 208 from TOA 207, 

[0086] In ST308, the section 143 calculates TOA'21 0 
that is the predicted value of the detenmination param- 
eter of the time of arrival of data frame 1 62+2 to be re- 
ceived next, by subtracting Td 209 from TOA 208. 
[0087] In ST309, when TOA'21 0<0, i.e., when calcu- 
lated TOA*210 that is the predicted value of the deter- 
mination parameter of thetlme of arrival of next received 
data frame 162+2 Is out of reception window 203, the 
processing flow proceeds to ST31 0. When TOA'21 0^0, 
i.e., when calculated TOA'21 0 that Is the predicted value 
of the determination parameter of the time of arrival of 
the data frame 1 62+2 is not out of reception window 203, 
the processing flow proceeds to ST311 . 
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[0088] In ST310, the section 143 outputs the control 
frame transmission request, predicted value TOA' 210 
of the time of an^lval and control frame transmission re- 
quest signal to control frame composition section 136. 
[0089] In ST311 , corresponding to the relationship be- s 
tween time of arrival Trcv 213 and LTOA 212 of the re- 
ceived data frame 162+1, the section 143 outputs the 
write permit signal indicative of "enable" or "disable" to 
data frame decomposition section 1 33 as described be- 
low. 10 
[0090] As case 1 , when Trcv 213-LTOA 212^0, i.e., 
when data frame 162+1 is received before LTOA 212, 
in ST312, the section 143 determines that the data 
frame 162+1 is data enabling the processing, and gen- 
erates "enable" . Data frame decomposition section 1 33 is 
stores the data frame 162+1 in frame storage section 
134. Then, the processing flow proceeds to ST314 and 
the processing is repeated from ST301 . 
[0091] As case 2, when Trcv 213-LTOA 212>0, i.e., 
when data frame 162+1 arrives later than LTOA 212, in 20 
ST313, the section 143 determines that the data frame 
1 62+1 is of late arrival with respect to the timing enabling 
the processing, and generates "disable". Data frame de- 
composition section 133 abandons the data frame 
162+1. Then, the processing flow proceeds to ST314 25 
and the processing is repeated from ST301 . 
[0092] The operation of base-station control appara- 
tus 110 when receiving control frame 220 illustrated in 
FIG.5 will be described below. In addition, it is assumed 
that control frame 220 has the same configuration as so 
that illustrated in FiG.3. 

[0093] When base-station control apparatus 110 re- 
ceives control frame 220 from base station apparatus 
1 30 via cable transmission path 1 52, control frame anal- 
ysis section 1 1 5 divides control frame 220, and extracts ' 35 
the predicted value TOA'21 0 of the time of arrival stored 
in control frame 220, while notifying transmission offset 
storage section 124 of the predicted value TOA'21 0. 
[0094] Transmission offset storage section 124 adds 
the predicted value TOA'21 0 to T, and stores the result- 40 
ant. 

[0095] When base-station control apparatus 110 
transmits a data frame next, the apparatus 1 1 0 is capa- 
ble of transmitting the data frame at a timing earlier than 
a general transmission timing by the predicted value 45 
TOA'. In other words, base-station control apparatus 
110 is capable of detennining an optimal transmission 
timing in advance, in order for the data frame not to be 
out of reception window 203 of base station apparatus 
130. 50 
[0096] In particular, In the case where a transmission 
time of a data frame varies with time, for example, In the 
case of using ATM (Asynchronous Transmission Mode) 
as a transmission method on cable transmission path 
152, In order for a data frame to be always received In 55 
timing enabling, the processing in base station appara- 
tus 130, base-station control apparatus 110 is capable 
of determining the transmission timing of the data frame. 
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[0097] Thus, according to node synchronization ap- 
paratus of this embodiment, node synchronization slave 
apparatus 131 detects a timewlse variation In the time 
of an'ival of a data frame transmitted from node synchro- 
nization master apparatus 111 via cable transmission 
path 152, and from the variation in the time of arrival, 
calculates a predicted value of the time of arrival of a 
next data frame. When the predicted value is out of re- 
ception window 203, the apparatus 131 notifies node 
synchronization master apparatus 111 of the predicted 
value of the time of arrival. According to the notification, 
node synchronization master apparatus 111 advances 
the transmission timing of a data frame than a reference 
value so that the data frame is received within reception 
window 203. It Is thereby possible to prevent base sta- 
tion apparatus 130 from abandoning a data frame due 
to its late arrival. 

[0098] The effectiveness Is remarkable in particular 
when a variation in data frame transmission time is 
abrupt and large on cable transmission path 152. 
[0099] Further, the suppressed abandonment of data 
frame decreases the frequency of re-transmission of da- 
ta frame on an higher layer, and It Is thereby possible to 
suppress the congestion on cable transmission path 
152, and to prevent an occurrence of deterioration of 
communication quality in communication services such 
as speech. 

[0100] As can be apparent from the foregoing, ac- 
cord ing to the present invention, it is possible to decease 
the frequency with which data is lost due to late an^ivai 
of the data even when transmission delay varies on a 
cable transmission path connecting nodes. 
[0101] This application is based on the Japanese Pat- 
ent ApplicationNo.2000-1 74867 filed onJune 12, 2000, 
entire content of which is expressly Incorporated by ref- 
erence herein. 

Industrial Applicability 

[0102] The present invention is suitable for being 
used in a base station apparatus and base-station con- 
trol apparatus used in a mobile communication system. 

Claims 

1. A node synchronization apparatus provided in a 
base station apparatus, said node synchronization 
apparatus comprising: 

predicted value calculating means for calculat- 
ing a predicted value of a reception timing of a 
data frame to be received next, based on a re- 
ception timing of a data frame that the base sta- 
tion apparatus has received; and 
reception timing determining means for deter- 
mining whether or not the predicted value is out 
of a data frame reception enabling time of the 
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base station apparatus. 

2. A base station apparatus connprising: 

the node synchronization apparatus according 5 
to claim 1 ; and 8. 
control frame transmitting means for transmit- 
ting a control frame with the predicted value 
stored therein to a communication partner 

10 

3. A node synchronization apparatus comprising: 

transmission timing determining means for de- 
termining a transmission timing of a data frame 
based on the predicted value transmitted from is 
the base station apparatus according to claim 
2. 

4. A base-station control apparatus comprising: 

20 

the node synchronization apparatus according 
to claims; and 

data frame transmitting means for transmitting 
a data frame at a transmission timing deter- 
mined in the node synchronization apparatus. 25 

5. A communication apparatus comprising: 

reception timing detemiining means for calcu- 
lating a predicted value of a reception timing of so 
a data frame to be received next, based on a 
reception timing of a data frame received pre- 
viously, and determining whether or not the pre- 
dicted value is out of a data frame reception en- 
abling time; and 35 
control frame transmitting means for transmit- 
ting a control frame with the predicted value 
stored therein to a communication partner 
when the predicted value is out of the data 
frame reception enabling time. 40 

6. A communication apparatus comprising: 

transmission timing detenmining means for de- 
temnining a transmission timing of a data frame 45 
based on the predicted value transmitted from 
the communication apparatus according to 
claim 5; and 

data frame transmitting means for transmitting 
a data frame at the determined transmission so 
timing. 

7. A node synchronization method, comprising: 

in an apparatus on a receiving side, S5 
calculating a predicted value of a reception tim- 
ing of a data frame to be received next to notify 
to an apparatus on a transmitting side, and 



in the apparatus on the transmitting side, 
transmitting the data frame to the apparatus on 
the receiving side at a transmission timing de- 
termined based on the predicted value. 

A node synchronization method, comprising: 

in an apparatus on a receiving side, 
calculating a predicted value of a reception tim- 
ing of a data frame to be received next; 
and 

transmitting a control frame with the predicted 
value stored therein to an apparatus on a trans- 
mitting side when the predicted value is out of 
a data frame reception enabling time, and 
in the apparatus on the transmitting side, 
detennining a transmission timing of the data 
frame based on the predicted value; and 
transmitting the data frame at the detemiined 
transmission timing to the apparatus on the re- 
ceiving side. 
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